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1.0 Introduction 

This Final Annual Summary Groundwater Monitoring Report – 2005, Underground Storage 
Tank Site 2666, Marine Corps Base (MCB) Camp Pendleton, California, was prepared by Shaw 
Environmental, Inc. for EAR Engineering, Construction & Support Services, Riverside, 
California for submittal to the U.S. Department of the Navy (DON).  The report covers the first 
through fourth quarters of 2005.  Groundwater sampling and associated reporting activities were 
performed under a Shaw Environmental, Inc. Professional Services Agreement with EAR 
Engineering, Construction & Support Services. 

This report was prepared in accordance with direction from the DON and recommendations by 
the California Regional Water Quality Control Board (RWQCB), San Diego Region.  The 
quarterly groundwater sampling was performed in accordance with the sampling and analysis 
plan (Southwest Division Naval Facilities Engineering Command [SWDIV], 2003) and the Site 
Assessment and Mitigation (SAM) Manual prepared by the County of San Diego  
(San Diego County, 2004). 

1.1 Scope of Work 
Quarterly groundwater monitoring and reporting are included in the scope of work developed by 
the DON for the remediation of hydrocarbon-impacted soil and groundwater at Underground 
Storage Tank (UST) Site 2666.  Monitoring includes the measurement of water levels and the 
collection and analysis of groundwater samples.  Groundwater samples from the site are 
analyzed for total petroleum hydrocarbons (TPH) as diesel; benzene, toluene, ethylbenzene, and 
total xylenes (BTEX); nitrate/nitrite as nitrogen (N); sulfate; alkalinity; and methane.  In addition 
to laboratory analyses of groundwater samples, measurements of dissolved oxygen 
concentrations, oxidation/reduction potential (ORP) and ferrous-iron concentrations of the 
groundwater are collected in the field at the time of sampling. 

1.2 Site Background 
MCB Camp Pendleton is located in northern San Diego County, California, and covers 
approximately 125,000 acres of land bordered on the west by the Pacific Ocean (Figure 1).  The 
project site is in the southeastern portion of MCB Camp Pendleton in the 26 Area (Figure 1).  

UST Site 2666 site is currently a vacant lot that was formerly occupied by the MCB Laundry and 
Dry Cleaning Facility.  The site is located on Vandegrift Boulevard, near the intersection with 
Santa Margarita Road, and is approximately 12 miles northeast of the MCB Camp Pendleton 
Oceanside gate.  The site is within the Santa Margarita Groundwater Basin, and three water-
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supply wells (10/4 7A2, 10/4 7H2, and 10/4 7R2) are located in the bed of the Santa Margarita 
River within 1 mile of the site.  

A 25,000-gallon UST (UST 2666-2) and a concrete sump were removed from the site in February 
1995 (Figure 2).  An assessment of the site was conducted, during May through October 1996, 
by Brown and Caldwell (Brown and Caldwell, 1997).  Six soil borings out of 28 soil borings 
drilled at the site were completed as groundwater monitoring wells (RW-1 and MW-1 through  
MW-5). 

OHM Remediation Services Corp. (OHM) advanced three soil borings, in March 1998, to assess 
contamination beneath the site in greater detail.  OHM installed three groundwater monitoring 
wells (MW-6, MW-7, and MW-8) at the site during July 1998 and two additional monitoring 
wells (MW-9 and MW-10) in the downgradient portion of the site during June 2000. 

An interim remedial action was undertaken at the site in January 2000.  The former tank 
excavation at the site was dewatered, overexcavated, and refilled and compacted with clean soil 
to eliminate perched water that had ponded in the backfilled excavation.  Well RW-1 (previously 
located in the former tank area) was abandoned at that time.  In addition to the excavation 
activities, a subsurface storm drain adjacent to the former tank excavation was sealed off at both 
ends to eliminate the source of subsurface inflow of water to the backfilled excavation.  The 
subsurface storm drain was replaced with an aboveground V-ditch to channel surface runoff. 

The Final Corrective Action Plan (CAP), Underground Storage Tank Site 2666, Marine Corps 
Base, Camp Pendleton, California, was submitted to the San Diego RWQCB on October 27, 
2000 (IT Corporation, 2000).  The corrective action selected for site remediation, based on the 
alternative analysis presented in the CAP, was bioventing for soil near the former tank area, 
biosparging for groundwater on the southeast side of Vandegrift Boulevard, and monitoring 
natural attenuation for downgradient groundwater on the northwest side of Vandegrift 
Boulevard. 

An addendum to the CAP was submitted to the San Diego RWQCB on February 28, 2002 (IT 
Corporation, 2002) to address and implement their comments to the CAP as stated in a letter 
dated February 7, 2002.  In the addendum, the Navy agreed to implement active remediation for 
downgradient groundwater on the northwest side of Vandegrift Boulevard.  The San Diego 
RWQCB (in a letter dated June 18, 2002) approved the Final CAP and CAP Addendum, with 
system startup commencing on May 29, 2003.   
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2.0 Fluid Level Measurements and Groundwater Sampling 

This section summarizes the fluid level measurements and quarterly groundwater sampling 
events conducted at UST Site 2666 during the first through fourth quarters of 2005. 

2.1 Fluid Level Measurements  
Fluid levels were measured in the monitoring wells at UST Site 2666 on March 1, April 27, 
April 28, August 22, November 2, and November 3, 2005.  Fluid level measurements are 
documented on the field data sheets presented in Appendix A and are summarized in Table 1.  
To date, no free product has been observed by Shaw Environmental, Inc. at the site. 

An oil-water interface probe was used to measure the depth from the top of each well casing to 
the top of groundwater.  Depths to water were converted to elevations using the surveyed top-of-
casing elevation for each well.  Quarterly groundwater elevation maps prepared using the four 
sets of fluid level data are presented in Figures 3 through 6.  Trends in groundwater elevations at 
the site since July 1998 are shown on the hydrograph in Figure 7.   

2.2 Wells Sampled, Sampling Methodology, and Analytical Results 
Groundwater samples were collected from monitoring wells MW-1 through MW-10, 24W10A, 
and 24MW11A during the first through fourth quarters of 2005.  Analytical results are 
summarized in Table 2 and are shown in Figure 8.  The analytical laboratory reports are 
presented in Appendix B.   

Each monitoring well was purged using a low-flow bladder pump lowered to the approximate 
midpoint of the well screen.  Attached to the pump was a length of dual-bonded, Teflon™-lined 
tubing and safety line sufficient to reach the surface.  A compressor was attached to the end of 
the inlet tubing, and the outlet tubing drained into a waste collection tank.  Purging proceeded 
until three successive and stable water-quality parameter measurements were observed in each 
well.  Stabilization was determined electronically using a PurgeScan™ water-quality instrument. 

Frequent water samples were collected during well purging and were tested for several 
parameters (pH, turbidity, specific conductance, temperature, oxidation-reduction potential, and 
dissolved oxygen) using calibrated field instruments.  Readings and measurements collected at 
each well were recorded on groundwater sample collection logs, which are presented in 
Appendix A.  Ferrous iron concentrations were measured using a portable field kit. 

Groundwater samples were collected using the low-flow pump after the field instrument 
measurements had stabilized.  Samples were collected in containers appropriate for the requested 
analyses.  The sample containers were properly identified with labels completed using a 
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waterproof marker, and the containers were then carefully placed on ice in a cooler for delivery 
to a California-certified, DON-approved laboratory. 

The following variances from the groundwater monitoring plan occurred during the monitoring 
events for the first through fourth quarters of 2005: 

• Turbidity exceeded 10 nephelometric turbidity units (NTUs) during the first quarter 
2005 in wells MW-6, 24W10A, and 24W11A, during the second quarter 2005 in wells 
24W10A and 24W11A, during the third quarter 2005 in well 24W11A, and during the 
fourth quarter 2005 in well 24W11A.  The sampling team was unable to achieve 10 
NTUs prior to sample collection, as measured by a calibrated turbidity meter.  The 
flow rate was adjusted and the other purge measurements were monitored.  The 
samples were collected when it was determined that the other parameters were stable. 

• The drawdown slightly exceeded the 0.3-foot limit established for performing 
micropurge sampling at the site during the first quarter 2005 sampling of wells MW-1,   
MW-7, and 24W10A; during the second quarter 2005 sampling of well MW-7; during 
the third quarter 2005 sampling of wells MW-1, MW-2, MW-5, MW-6, MW-7, 
MW-8, MW-10, and 24W10A; and during the fourth quarter 2005 sampling wells 
MW-1, MW-2, MW-6, MW-8, MW-10, and 24W10A.  Adjustments were made to the 
flow rate and the drawdown was stabilized as much as possible.  Samples were 
collected when the field parameters were stable. 

The disposable pump bladder and the pump safety line were discarded and the wellhead was 
secured after each well was sampled.  The water-level probe and bladder pump were 
decontaminated after each use.  The dedicated Teflon™-lined discharge tubing was placed in a 
clean plastic bag, labeled with the well identification, and properly stored.  The sampling 
equipment was then moved to the next well location. 

The purge water and decontamination water for both quarters were stored at the Area 13 storage 
tank and were eventually transported by vacuum truck for disposal (see Section 5). 

The groundwater samples, during the quarterly monitoring events, were analyzed for TPH as 
diesel by California Leaking Underground Fuel Tank (CA LUFT) Method 8015 modified; BTEX 
by U.S. Environmental Protection Agency (EPA) Method 8021B; nitrate/nitrite as N by EPA 
Method 353.3; sulfate by EPA Method 300.0; alkalinity by EPA Method 310.1; and methane by 
Method RSK 175.  Analytical results from the quarterly sampling events are summarized in 
Table 2.  Concentrations of TPH as diesel and benzene for each monitoring well are plotted in 
Figure 8.  In addition to the laboratory samples, dissolved oxygen concentrations, ORP, and 
ferrous-iron concentrations were measured in the field.  These data are presented in Figure 9 and 
are summarized in Table 3. 
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2.3 Groundwater Flow Direction and Contaminant Distribution 
Groundwater conditions and the distribution of TPH as diesel and benzene in groundwater 
beneath UST Site 2666, as observed during the four quarterly monitoring events of 2005, are 
described in this section.  Water-level data are presented in Figures 3 through 6 and are 
summarized in Table 1.  Contaminant concentrations are presented in Figure 8 and are 
summarized in Table 2.  Field monitoring results are presented in Figure 9 and are summarized 
in Table 3.  Laboratory reports and chain-of-custody forms are presented in Appendix B. 

As shown on Figures 3 through 6, the direction of groundwater flow beneath UST Site 2666 is 
generally to the west.  The hydraulic gradient was 0.07 feet per foot (ft/ft) in March and 0.03 ft/ft 
in April, August, and November, 2005.  The depth to groundwater beneath the site varied from 
8.92 feet in MW-6 to 24.70 feet in MW-4 during the four monitoring events.  As shown in 
Figure 7, groundwater elevations in site wells have generally been declining since July 1998; 
however, heavy rainfall in March and April 2005 resulted in a sharp increase in the groundwater 
elevation. 

Laboratory analyses of groundwater samples collected during the four 2005 quarterly monitoring 
events (Table 2 and Figure 6) show that TPH as diesel was detected in seven of the site 
monitoring wells (MW-01, MW-2, MW-5, MW-7, MW-8, MW-9, and MW-10).  TPH as diesel 
was not detected in well MW-9 during the first quarter of 2005.  TPH as diesel was not detected 
above reporting limits in wells MW-3, MW-4, MW-6, 24W-10A, and 24W-11A.  Concentrations 
of TPH as diesel ranged from 0.02J milligrams per liter (mg/L) in several wells to a maximum of 
5.79 mg/L in well MW-2.  

Benzene was not detected at or above the reporting limit for any wells during the four quarters of 
2005.  Benzene was reported below the reporting limit for wells MW-1, MW-3, MW-5, MW-6, 
MW-7, MW-8, MW-9, MW-10, and 24W-10A during the same period.  All other results were 
reported as not detected.   

Summaries of historical laboratory and field analyses for UST Site 2666 are presented in Tables 
C-1 through C-5 in Appendix C.  Third-party data validations were performed by The Data 
Validation Group, Inc. on 25 percent of the laboratory reports per the project Sampling and 
Analysis Plan (SWDIV, 2003).  The remaining laboratory reports were validated internally.  
Both the third-party and internal summary validation reports are provided in Appendix D.   

Results were uploaded to Geotracker for the first and second quarters 2005 sampling events on 
June 29, 2005 (Confirmation numbers 2579722404, 7829540908, and 6357-106328).  Results for 
the third quarter 2005 were uploaded on October 26, 2005 (Confirmation numbers 4838339269, 
7430979132, 4780378878, and 9573747634).  Results for the fourth quarter 2005 were uploaded 
on December 20, 2005 (Confirmation numbers 2436024129 and 9453224182).   
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The field monitoring results presented in Figure 9 and Table 3 show that concentrations of 
dissolved oxygen in groundwater were generally higher during the first and fourth quarter 
compared to the second and third quarter.  In addition, dissolved oxygen was generally lower in 
the wells with TPH contamination than those without contamination.  There was no clear trend 
for the ORP analyses. 
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3.0 Quality Assurance and Quality Control 

Groundwater samples, during both quarterly monitoring events of 2005, were collected and 
preserved in accordance with EPA and CA LUFT methods and were delivered to the laboratory 
within 24 hours of collection.  Applied Physics & Chemistry Laboratory of Chino, California, a 
State-certified laboratory, analyzed the groundwater samples within the required analytical 
holding times. 

Field duplicate samples were collected from wells MW-8 (102910-0145), MW-3 (102910-0192), 
MW-1 (102910-0228), and MW-9 (102910-0234).  Duplicate samples are used to assess the 
accuracy, precision, and consistency of the sampling program.  The analytical results for the 
duplicate sample correlated well with the results for the primary samples (102910-0144, 102910-
0191, 102910-0227, and 102910-0233), except for one diesel analysis from MW-8.  The relative 
percent difference between the duplicate and primary sample for MW-8 was 109 percent (0.44 
mg/L diesel, compared to 0.20 mg/L).  

Ten trip blank samples (102910-0133, 102910-0141, 102910-0171, 102910-0180, 102910-
0182A, 102910-0183A, 102910-0190, 102910-0199, 102910-0236, and 102910-0237) were 
transported with the groundwater samples for analysis of BTEX.  Trip blanks are used to 
determine whether cross-contamination by volatile organic compounds (VOCs) has occurred 
during transportation of the samples to the laboratory.  The trip blanks were shipped with the 
coolers containing samples to be analyzed for BTEX.  The reporting limits for BTEX in some of 
the trip blanks were raised because of method blank contamination.  BTEX compounds were not 
detected above reporting limits in the trip blank samples. 

Ten equipment rinsate samples (102910-0140, 102910-0149, 102910-0179, 102910-0186, 
102910-0181A, 102910-0189, 102910-0198, 102910-0209, 102910-0235, and 102910-0244) 
were collected and analyzed to assess the adequacy of the equipment decontamination 
procedures.  The samples were collected by pouring analyte-free water over the tip of the 
interface probe after it was decontaminated.  TPH as diesel and BTEX were not detected at 
concentrations exceeding the reporting limits in the equipment rinsate samples with one 
exception.  Ethylbenzene was detected at a concentration of 2 micrograms per liter during third 
quarter 2005. 
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4.0 Remediation System Progress 

This section summarizes the progress of the remediation activities at UST Site 2666. A 
bioventing/biosparging system is operating at this site. 

The bioventing/biosparging system at UST Site 2666 consists of 2 bioventing wells (BV-1 and 
BV-2) and 11 biosparging wells (BS-1 through BS-7 and BS-15 through BS-18).  System 
operation began on May 29, 2003.  Currently, the operation schedule includes injecting air into 
each well for 45 minutes a day, every other day. 

To date, approximately 1,005 milligrams per kilogram of TPH has been degraded in the vadose 
zone (Figure 10).  
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5.0 Waste Management 

The volumes of purged water and the decontamination water generated from monitoring wells at 
UST Site 2666 during the four quarters of 2005 were approximately 18, 18, 33, and 18 gallons, 
respectively.  The water was stored in an aboveground wastewater storage tank located in the 13 
Area.  The purged groundwater and decontamination water from the first quarter were 
transported on April 18, 2005 (by Island Environmental Services to Demenno Kerdoon in 
Compton, California) for treatment and disposal under Uniform Hazardous Waste Manifest 
Number 23393597.  The purged groundwater and decontamination water from the second 
quarter were transported on July 1, 2005 (by Island Environmental Services to Demenno 
Kerdoon in Compton, California) for treatment and disposal under Uniform Hazardous Waste 
Manifest Number 24430067.  The purged groundwater and decontamination water from the third 
quarter were transported on September 29, 2005 (by Patriot Environmental Services to Demenno 
Kerdoon in Compton, California) for treatment and disposal under Uniform Hazardous Waste 
Manifest Number 24420791.  The purged groundwater and decontamination water from the 
fourth quarter were transported on November 22, 2005 (by Patriot Environmental Services to 
Demenno Kerdoon in Compton, California) for treatment and disposal under Uniform Hazardous 
Waste Manifest Number 24798861.  Copies of the waste manifests are presented in Appendix E. 
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6.0 Conclusions 

This section summarizes water-level and water-quality data collected during the four 2005 
quarterly monitoring events conducted at UST Site 2666.   

The depth-to-groundwater beneath the site varied from 8.92 feet in MW-6 to 24.70 feet in MW-4 
during the four quarterly monitoring events of 2005.  The overall direction of groundwater flow 
beneath UST Site 2666 was generally to the west and the hydraulic gradient was 0.07 ft/ft in 
March and 0.03 ft/ft in April, August, and November.  Groundwater elevations in site wells have 
generally been declining since July 1998; however, heavy rainfall in March and April 2005 
resulted in a sharp increase in groundwater elevation. 

Analytical results indicate that groundwater beneath UST Site 2666 has been impacted by TPH 
as diesel.  TPH as diesel was detected at concentrations exceeding the reporting limit of 
0.096 mg/L in seven of the twelve site monitoring wells (MW-1, MW-2, MW-5, MW-7, MW-8, 
MW-9, and MW-10).  TPH as diesel was not detected in well MW-9 during the first quarter of 
2005.  Concentrations of TPH as diesel ranged from 0.1 mg/L in well MW-9 to a maximum of 
5.79 mg/L in well MW-2.  Benzene was not detected above the reporting limit during all four 
quarters of 2005. 

Field data collected during the quarterly monitoring events of 2005 show that concentrations of 
dissolved oxygen in groundwater were generally higher during the first and fourth quarter 
compared to the second and third quarter.  In addition, dissolved oxygen was generally lower in 
the wells with TPH contamination than those without contamination.  There was no clear trend 
for the ORP analyses. 
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Figure 8  
Contaminant Concentrations – March Through November 2005 – UST Site 2666 

Figure 9  
Summary of Field Monitoring Results – March Through November 2005 – UST Site 2666 

Figure 10  
Total TPH Degraded in Vadose Zone – UST Site 2666 
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Table 1  
Quarterly Fluid Level Measurements – UST Site 2666 – March Through November 2005 

Table 2  
Summary of Groundwater Analytical Results – UST Site 2666 – March Through 
November 2005 

Table 3  
Summary of Field Monitoring Results – UST Site 2666 – March Through November 2005 
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